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[METHOD AND DEVICE FOR 
VENTILATION OF GASES IN A 
COMBUSTION ENGINE] 

Background of Invention 

[0001] TECHNICAL FIELD. The invention relates to a method and a device for ventilation 
of gases from a crankcase, an evaporator and similar devices to the intake system of 
the engine where the gases are evenly distributed to all the cylinders. 

[0002] It is a known fact that it is not possible to make piston ring seals between a piston 
and a cylinder wall in a combustion engine, which at normal running completely seals 
the combustion chamber from the crankcase of the engine. A certain amount of 
combustion gases, hereafter termed blow-by, will therefore, with few exceptions, flow 
past the piston rings and into the crankcase of the engine. To avoid the pressure in 
the crankcase rising too much, it must be ventilated in order to lead off the gases, 
with only a slight overpressure or negative pressure being present in the crankcase. 

[0003] It is desired to ventilate the crankcase against atmospheric pressure, but for 
environmental reasons it is not suitable to ventilate directly to the atmosphere. In 
order to use the existing purification equipment of the engine, blow-by has to be 
returned to the combustion chamber of the engine, which is done by leading the gas 
to the intake manifold of the engine where it is mixed with the intake air. In spite of 
the fact that some kind of oil separator has been used, it has until now been 
unavoidable that a certain amount of oil mist has followed the blow-by gas out of the 
crankcase through the evacuation conduit. This mixture will in the following be 
termed crankcase gas. 
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[0004] The simplest solution is to connect an evacuation conduit from the crankcase to 
the intake manifold at a point after the throttle valve, but as a powerful negative 
pressure often exists there, especially at low load, there is a risk of creating an 
undesirably high negative pressure in the crankcase. A known way to solve the 
problem is to connect a pressure regulator between an oil separator connected to the 
crankcase and the intake manifold, which pressure regulator admits a flow to the 
intake manifold. 

[0005] The disadvantages with this solution is that the intake pipe which is situated 
furthest away from the connection will receive a too small part of the gases which 
makes it difficult to achieve a correct X value (fuel/air mix) for all pipes. This causes a 
deteriorated function for a close connected catalyzer in the exhaust manifold. 

/p [0006] Similar problems arise during evacuation of the canister of the vehicle, which is 
01 used to absorb fuel vapors from the petrol tank in order to avoid ventilation of the 

iu, fuel vapors to the atmosphere. Especially during refilling of fuel and at high ambient 

^ S temperatures, the canister has to absorb a relatively large amount of fuel vapors. The 

0i function of the canister is commonly known, and will not be described further. In 

^ order to avoid saturation of the canister, it has to be equipped with an evacuation 

conduit, which by means of low pressure sucks the vapors from the canister to the 
intake manifold of the engine via an air vent valve. 



H [0007] Another known solution is to use a separate gallery channel to distribute the 
crankcase gases and evaporated fuel vapors (EVAP). The disadvantage with such a 
solution is that the channel short-circuits the pipes of the intake manifold, whereby 
the pressure pulses created by the intake valves and the performance of the engine 
are deteriorated. In addition, it is impossible to achieve an even distribution of the 
gases since a certain dilution with air is unavoidable due to the pulses in the intake 
manifold. 



[0008] 



A further known solution is disclosed in EP-B2-489 238, where the distribution of 
crankcase gases takes place via a gallery channel which in turn is connected to the 
injection valves of the engine. Hence, the ventilation takes place independently of the 
pressure in the intake manifold, but only each time that the injection valve is 
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activated. During engine braking or when disengaging one or more cylinders, there is 
a risk of pressure build-up in the crankcase. Due to the small dimensions of the 
injection nozzle, there is also a risk for engine malfunctions if impurities in the gas 
creates coatings that may disturb the function of the nozzle. 

Summary of Invention 

[0009] A purpose of the present invention is to achieve a combustion engine with 

ventilation of crankcase gases from an evaporator or similar devices, thus eliminating 
the above-mentioned problems. 

The invention relates to a method and a device for distributing gases that are 
ventilated from, for example the crankcase of the engine or an evaporator (canister) in 
the fuel system of the engine. The engine typically includes a cylinder head and an 
intake manifold having a flange for mounting on the cylinder head, where the flange is 
equipped with a collecting channel which extends across the intake pipes of the intake 
manifold. The gases are sucked from the collecting channel directly into each intake 
pipe through a non-return valve arranged in connection to each intake pipe. In this 
manner, the non-return valves are controlled by pressure pulses from the intake 
valves of the pistons instead of, according to previously disclosed solutions, being 
dependent on a negative pressure in the intake manifold in the proximity of the 
throttle. The solution may thus be used for both aspirating engines and supercharged 
engines, which in the latter case eliminates an extra conduit connected upstream of 
the supercharge unit. 

[001 1] As the collecting channel to which the gases are taken is connected to each intake 
pipe of the intake manifold via outlet channels with separate non-return valves, an 
even distribution of gases to all the cylinders of the engine is achieved. 

[0012] 

The non-return valves are either mounted in the flange which is arranged on the 
intake manifold for mounting to the cylinder head, or alternatively directly into the 
part of the cylinder head facing the flange. The flange may constitute an integrated 
part of the intake manifold or be mounted as a separate unit between the intake 
manifold and the cylinder head. The non-return valves may be of standard type, for 
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example ball valves or valves of the diaphragm-type. 

[001 3] According to a further embodiment, the valves may constitute a part of a gasket 
between the flange and the cylinder head. In this case, the valves are in the form of 
reed valves which are resiliently arranged against the openings or bores emerging in 
the collecting channel. Every reed valve may thus be formed in one piece with the 
gasket which is preferably made of steel, for example spring steel or some other 
suitable material such as fiber-based materials. 

[0014] For such cases where the engine is equipped with a split intake manifold, the 
gallery channel and the non-return valves may be arranged in one of the flanges in 
the joint between the two halves of the manifold. 

[001 5] Except for purely mechanical valves, it is also possible to use solenoid valves 
which are controlled by pressure sensors in respective intake pipes, where each 
respective valve opens as soon as the pressure in the corresponding intake pipe is 
lower than a measured pressure in the collecting channel. Alternatively, actuation may 
be by provided from the electronic control system of the engine. 

[0016] The collecting channel may be carried out as a through bore in the flange. The 
bore may be sealed at both of its ends, or alternatively at one of its ends with a 
connection for supply of gases at the other. 

[001 7] According to one more embodiment, the collecting channel may be made as a 
milled recess provided with a covering lid, with the recess being milled at the edge, 
front side or rear side of the flange. When the recess is placed on the front side facing 
the cylinder block, the covering lid is also equipped with outlet channels. 

[001 8] When the flange is made as a casting, it is of course also possible to make the 

collecting channel in connection with the casting of the flange or the intake manifold. 
The outlet channels can then be made in the same process, or be drilled afterwards. 

[0019] If there is not enough space in the flange for a through collecting channel, it may 
be placed in a separate unit connected to the intake manifold. 

Brief Description of Drawings 
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[0020] Figure 1 is a cross-sectional view of an intake manifold with a schematic drawing 
of a gallery channel configured according to the invention. 

[0021] Figure 2A-F is a schematic drawing of different possible positions of a non-return 
valve in the flange, the cylinder head or the manifold. 

[0022] Figure 3A is an elevational view showing the part of an intake manifold facing a 
cylinder, with alternative outlets for the gallery channel. 

[0023] Figure 3B is a cross-sectional view taken along the indicated bisecting line in 
Figure 3A. 

Figure 4 is a partial cross-sectional view taken through a reed-type valve 
positioned between the intake manifold and the cylinder head. 

Figure 5 is a schematic view in partial cutaway and partial section showing 
alternative connections for supply of ventilated gases to the gallery channel. 

Figure 6A-C is a cross-sectional view of alternative embodiments of gallery 
channels made in the flange of the intake manifold. 

Figure 7A-B are schematic views, shown in partial cut away and section, of an 
embodiment having double gallery channels with a reed valve for both outlet 
channels. 

Figure 8A-B are schematic views, shown in partial cut away and section, of an 
embodiment having double gallery channels with a reed valve for each outlet channel. 

[0029] Figure 9A-B are schematic views, shown in partial cut away and section, of an 
embodiment having double, separated gallery channels with a reed valve for each 
outlet channel. 

[0030] Figure 1 OA a sectional view of an embodiment of the invention with a reed valve 
integrated into a double steel gasket. 

[0031] Figure 1 0B a sectional view of an embodiment of the invention with an encased 
reed valve. 
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Detailed Description 

[0032] Referring to the figures, Figure 1 illustrates the principle behind the function of 
the present invention. An intake pipe 1 with a throttle 2 passes into an intake 
manifold 3 with pipes 4,5,6,7 provided, one for each cylinder. The manifold 3 is 
mounted on a cylinder head 8, which will not be described in detail, by means of a 
flange 9. Cases to be ventilated from the crankcase of the engine (PCV) and/or gas 
absorbing equipment (not shown), for example a canister, are guided through a 
ventilation conduit 1 0 to a so-called gallery channel 1 1 in connection with the^^ 
manifold 3. The example shows an engine with four cylinders, but the invention is 
completely independent of the number of cylinders. It is also possible to re-circulate 
exhaust gases (EGR) in this way, but in order to avoid the tar-like coatings which may 
arise when exhaust fumes and crankcase gases are mixed, these gases should be kept 
si} separated as far as possible. An example of how this may be achieved is described 

■m 

'zl below. 

01 [0033] The ventilated gases are guided from the gallery channel 1 1 through separate 
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conduits 1 2-1 5 with respective non-return valves 16-19 and are connected directly to 
their respective pipes 4-7 of the intake manifold via a corresponding number of 
openings 20-23. Thus, the ventilated gases are distributed evenly between all the 
nozzles which facilitates engine control and allows for better exhaust gas purification. 

y 

f;l The non-return valves 16-19 are opened and closed due to pressure pulses from the 

**" intake valve(s) of the respective intake pipes. When negative pressure pulses from the 

intake valves are used to open respective non-return valves, it is possible to become 
partially independent of the pressure in the intake pipe 1 so that the technical 
solutions may be used for both aspirating engines and supercharged engines. 

[0034] Figures 2A-C show schematically how the non-return valves 1 6-1 9 may be 

positioned. Many of the subsequent views are sectioned, which is why the reference 
numbers relate to one of the pipes for the sake of simplicity. In a first embodiment 

J 

that is illustrated in Figure 2A, the non-return valves are placed in the split plane A-A 
between cylinder head 8 and flange 9. According to a preferred, embodiment the 
valves are made as a part of the gasket between the cylinder head and the flange. 
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[0035] The moving parts of the non-return valve can be shaped like tongues, such as 
reed valves, which may be punched out in one piece with the gasket. An example of 
such a solution is disclosed in Figure 3, which shows a gasket 30 equipped with reed 
valves 36-39. The position of one of the outlet openings 20 of the gallery channel 1 1 
is indicated for the valve 36. The function of the reed valve is evident from Figure 4 
which shows how the outlet 1 2 of the gallery channel 1 1 normally is closed by the 
reed valve 36 of the gasket 30. Should a negative pressure pulse occur in the pipe 4, 
the valve 36 will assume the position indicated with dashed lines in Figure 4. As 
shown in Figures 2B and 2C, the non-return valves 16-19 may be placed in the flange 
as shown in Figure 2B, or in the cylinder head as shown in Figure 2C. For these cases, 
other types of valves are more suitable, for example ball valves which would be placed 
*} in the channels 1 2-1 5. The channels may either be made during the casting of the 

flange/the manifold or the cylinder head, or be made during the following machining 
by milling or drilling. 
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[0036] The flange may also be designed as a separate part of the intake manifold, which 
01 is disclosed in Figure 2D. For reasons of production engineering, it may be better to 

make the intake manifold separately, for example to avoid the casting becoming too 
complicated. A separate flange 9a equipped with a gallery channel 1 1 may then be 
mounted between the intake manifold 3a and the cylinder head 8. The positioning of 
the non-return valves may be carried out in the same way as described in connection 
with Figures 2A-2C, where said valves are connected to the part of the intake 
manifold 3a that faces the cylinder head 8 via the outlet channels 1 2-1 5. 

[0037] For reasons stated above, it may sometimes be necessary to split the intake 

manifold, which is shown in figure 2E. It is then possible, as described above, to place 
the gallery channel 1 1 b with its associated non-return valves (only 16b is shown) in 
the joint between the halves of the manifold 3b, 3c. 

[0038] As shown in Figure 2F, it is also possible to connect a separate unit 25 to the 

intake manifold 3, which extends across the manifold and includes a gallery channel 
1 lc with associated non-return valves (only 16c is shown) connected to respective 
pipe 4-7 via the outlet channels (only 1 2c is shown). 
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[0039] The gallery channel 1 1 may consist of a through bore, which is shown in Figure 5, 
where one or both ends are sealed. The connection for ventilated gases may be led 
into the gallery channel 11 via a conduit which extends to an opening that is not 
sealed, or be connected to a separately drilled opening 52. The alternatives are shown 
with dashed lines in Figure 5. According to another embodiment, which is disclosed in 
Figure 6A, the gallery channel may consist of a cavity which is made during the 
casting of the flange 9, 9a, 9b, either as a separate component or as a part of the 
intake manifold. The gallery channel may alternatively be milled as a recess in a part 
of the flange 9, 9a, 9b. Figure 6B shows a recess milled in the lower part of the flange, 
which has been equipped with a covering lid 61 to form the channel 1 1 . Both 
embodiments according to Figure 6A and 6B must be equipped with a drilled or 
otherwise machined outlet channel 12. Figure 6C shows a recess that is milled or cast 
in the side of the flange 9 that faces the cylinder head 8. The recess is sealed with a 
EH gasket 62, in which a hole for the outlet channel 1 2 is made, to form a gallery channel 

m 1 1 . This gasket 62 may also be designed in combination with the manifold gasket (not 

shown) that normally is placed between the intake manifold and the cylinder head to 
pi form a so-called double steel gasket as is illustrated in Figure 10A. 
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[0040] Figures 7-9 show different ways to ventilate both crankcase gases and various 
evaporated gases, as well as re-circulated gases (ECR). To avoid the problems with 
coatings which are deposited if crankcase gases and EGR are mixed, it is preferable to 
supply these gases close to the intake valve. As shown in Figure 7A and 7B, this may 
be achieved with the help of separate gallery channels 71 , 72 and outlet channels 73a, 
73b arranged in the flange. Each channel may be provided with non-return valves (not 
shown) as described above using either a valve per channel or a reed valve 74 (Figure 
7A, dashed lines) that covers both openings (see Figure 3). 

[0041] Alternatively, the outlet channels 75a, 75b may be plac^djit a distance from each 
other, according to Figure 8A and 8B, to further reduce the possibility of the mixing of 
gases taking place. If reed valves are to be used in this case, a valve 76a, 76b (Figure 
8A, dashed lines) is needed for each opening. 



[0042] 



A third embodiment is shown in Figure 9A and 9B where a pair of gallery channels 
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77 and 78 are shown to have been respectively placed above and below the nozzle 4 
and to have been equipped with upper and lower outlet channels 79a and 79b. As 
indicated above, both ordinary non-return valves and reed valves may be used. When 
using reed valves, the gasket then has to be provided with corresponding tongues 80a 
and 80b respectively (Figure 9A, dashed lines) in connection with the openings of both 
outlet channels 79a and 79b, respectively. The embodiments according to Figure 7-9 
are shown with the flange 9 and the intake manifold 3 made in one piece. It is of 
course possible to make the flange as a separate part, according to the embodiment 
described in connection with Figure 2D hereinabove. 

It is also possible to add crankcase gases, EGR and similar mixtures at separate 
positions by means of a double set of components provided with gallery channels. 
Adding EGR to a split intake manifold (according to Figure 2E, or alternatively to a unit 
according to Figure 2E) at the same time that the crankcase gases are led to the 
connection of the manifold to the cylinder head makes it possible to keep the gases 
separated from each other as long as possible. Other variations are of course 
possible, as long as EGR is added to the manifold before, or earliest at the same time 
as, the crankcase gases. Otherwise there is a risk that the components in the system, 
such as pipes and non-return valves, will receive a bitumen-like coating. 

Figure 1 OA shows a gallery channel 1 1 made as a recess in the flange 9, which 
recess is sealed with a first gasket 71 which extends across all of the end surface of 
the flange and is equipped with an outlet channel 1 2. A second gasket 72 with the 
same extent relative to the flange is riveted or in some other way fastened to the first 
gasket 71 . The gasket 72 is also provided with a reed valve which opens towards the 
intake manifold. This package of gaskets 71 , 72 forms a double steel gasket, which 
then constitutes the manifold gasket between the intake manifold and the cylinder 
head. 

[0045] 

An alternative embodiment of the invention which has been described with 
reference to Figure 1 OA is disclosed in Figure 1 OB. This embodiment describes an 
enclosed reed valve, which is connected to the intake manifold 4 via a chamber 75 
and an outlet channel 76 that emerges a short distance downstream of the connection 
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of the manifold to the cylinder head. The chamber 75 is formed by a recess in the 
cylinder head, which is de-limited by the double-steel gasket 71 ,72 and allows the 
resilient tongue (dashed line) of the reed valve 74 to deflect outwards. In this way it is 
possible to avoid fuel flowing down into the valve and disturbing its function. This 
problem may arise in connection with wetting of the walls of the inlet channel during 
certain operating conditions. 

[0046] Except non-return valves of standard type or reed valves, it is also possible to use 
electrically controlled valves, for example solenoid valves. The valves are controlled by 
the electronic engine control and are made to open at predetermined or mapped 
points in time for each solenoid. At the points in time in question, the pressure is 
lower at the position of the solenoid valve than in other parts of the intake manifold. 
The points of time may be mapped by measuring and/or calculation of the pressure 
changes in the intake manifold at different operating conditions. 
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